Background Laparoscopic gastrectomy (LG) might have greater clinical benefits for elderly patients as less invasive surgery; however, there is still little evidence to support its benefit. We evaluated the surgical outcomes of elderly patients in a nationwide prospective cohort study. Methods One hundred and sixty-nine participating institutions were identified by stratified random sampling, and were adjusted for hospital volume, type and location. During 1 year from 2014 to 2015, consecutive patients who underwent gastrectomy for gastric cancer were prospectively enrolled. 'Elderly' was defined as ≥ 75 years of age, based on the prevalence of comorbidities and the activities of daily living of patients of this age. We compared the surgical outcomes of LG to those of open gastrectomy (OG) in non-elderly and elderly patients. The primary outcome was the incidence of severe morbidities (Grade ≥ 3). Results Eight thousand nine hundred and twenty-seven patients were enrolled [non-elderly, n = 6090 (OG, n = 2602; LG, n = 3488); elderly, n = 2837 (OG, n = 1471; LG, n = 1366)]. Grade ≥ 3 complications occurred in 161 (10.9%) patients who underwent OG and 98 (7.2%) who underwent LG (p < 0.001). After adjusting for confounding factors, we confirmed that laparoscopic surgery was not an independent risk factor (odds ratio = 0.81, 0.60-1.09). OG was associated with a significantly longer median length of postoperative stay in comparison to LG (16 versus 12 days, p < 0.001). There were no significant differences in the incidence of other postoperative comorbidities. Conclusion The safety of LG in elderly patients was demonstrated.
Introduction
The aging population problem has been a major concern in developed countries. Japan, where the average life expectancy has increased while birth rates have fallen during the last quarter-century, leads the world in this issue [1] . Surgical treatment with general anesthesia is generally considered to be associated with a high risk of postoperative complications in elderly patients [2] [3] [4] [5] [6] [7] . The main reason is the higher prevalence of cardiac, pulmonary and other comorbidities in older patients [8, 9] . Although some surgeons suggest that less invasive surgery, such as laparoscopic surgery, is of greater benefit in elderly patients [10] [11] [12] , our previous survey on gastric cancer surgery using a national clinical database (NCD) have shown that surgeons tend to select open surgery for elderly patients [13] [14] [15] [16] . Several clinical trials have demonstrated that the surgical outcomes of laparoscopic gastrectomy (LG) are similar or superior to those of open gastrectomy (OG) for patients with gastric cancer [17] [18] [19] [20] [21] ; however, there is still little evidence of the efficacy and safety in elderly patients in routine clinical practice [22] [23] [24] .
In the present study, we sought to address two research questions: can LG be performed safely in elderly patients and what kind of clinical benefit does LG have in this patient group? Our hypothesis was that the surgical risk of LG would not be higher than that of OG in terms of postoperative complications in elderly patients. To verify this hypothesis and explore the potential clinical benefits of LG, we conducted a multicenter prospective cohort study based on an NCD system that covered more than 90% of the general surgery operations performed in Japan. We then confirmed the safety and explored the clinical benefits of LG in elderly patients, in comparison to conventional OG. Through this study, we hope to provide relevant information for selecting a suitable surgical approach for the treatment of gastric cancer in elderly patients.
Methods

Study design and cohort development
The study design was a prospective cohort study. The method of cohort development was reported previously [14] . In brief, target institutions were selected from users of the NCD system by stratified random sampling. Adjustment was performed for the hospital volume (number of surgical cases per year), hospital type (university hospital, specialized hospital, and others), and location (10 regions and 3 urban levels), then random sampling was performed to select a cohort of institutions that represented the state of the country. A request to participate was sent to 179 institutions, 169 ultimately cooperated. During 1 year from August 2014 to July 2015, consecutive patients who underwent gastrectomy for gastric cancer were prospectively enrolled. Patients who underwent concurrent operations other than cholecystectomy were excluded. The study was approved by the Institutional Review Board; all study procedures were conducted in accordance with the ethical standards of the respective committees on human experimentation (institutional and national) and with the Helsinki Declaration of 1964 and later versions.
Definition of 'elderly'
To determine the cut-off age for 'elderly', we evaluated the relationship between age and the surgical and anesthesiologic risks in the patients in this dataset. The prevalence of chronic obstructive pulmonary disease, a history of ischemic heart disease, chronic heart failure, insulin-dependent diabetes, hypertension and peripheral arterial disease was evaluated at each age. The patients' activities of daily living were classified into three categories: independent, partially assisted or completely assisted living. In addition, considering the cut-off point from the perspective of surgical decision making, we also analyzed the relationship between age and the actual proportion of patients who underwent laparoscopic surgery in our dataset.
Data collection
We assumed that many confounding factors would affect the comparison of LG and OG. As potential confounding factors, our study team identified and collected some variables related to decision-making with regard to the performance of LG or OG, as covariates from clinical and statistical perspectives, including age, sex, the American Society of Anesthesiologists Performance Status (ASA-PS) score, body mass index (BMI), presence of comorbidities, history of abdominal surgery, clinical TNM stage, degree of lymphadenectomy, resection area and reconstruction procedure.
Outcomes and statistics
The primary endpoint was the incidence of grade ≥ 3 complications. A logistic regression analysis was performed to evaluate the odds ratio (OR) and 95% confidence interval (95%CI) of laparoscopic surgery after adjusting for confounding factors as the primary endpoint. Covariates inserted in this logistic model were as follows: sex, BMI, ASA-PS score, respiratory disease, diabetes mellitus, chronic pulmonary disease, hypertension, bleeding disorder, emergency, preoperative chemotherapy, D2 lymph node dissection, TNM stage, and resection area. Some of these variables were newly collected for this study in addition to the conventional list of variables in the NCD gastroenterology registry system. In addition, the interaction between age and the surgical approach was also confirmed. The secondary endpoints included mortality within 30 days, the length of postoperative stay, conversion to open surgery, operative time and blood loss. To compare these outcomes between the two surgical approaches, Fisher's exact test was used to analyze binary variables in which the expected cell count was < 5, and Pearson's chisquared test was used for the analysis of other variables.
The Wilcoxon rank-sum test was used for continuous variables. Comparisons were all two-sided and p values of < 0.05 were considered to indicate statistical significance. All statistical analyses were conducted using the SAS software program (ver. 9.4, SAS institute, Cary, NC, USA). 
Results
The definition of 'elderly'
Figures 1 and 2 demonstrate the relationship between patient age and the prevalence of comorbidities and laparoscopic surgery, respectively. Although it was difficult to decide on a clear threshold for the definition of 'elderly', our team selected 75 years as the cut-off age in the present study.
The study population and patient characteristics
We identified 2837 (37.3%) elderly patients from all patients who underwent gastrectomy (n = 8927) in the participating institutions during the study period. Table 1 demonstrates the characteristics of the non-elderly and elderly groups, respectively. Patients undergoing OG were more likely to be older, with a poorer ASA-PS, and to have a more advanced TMM stage in comparison to patients undergoing LG. Table 2 shows the surgical procedures and outcomes of non-elderly and elderly patients. In both groups, we found a higher incidence of postoperative complications in patients who underwent OG than in those who underwent LG: 8.8% vs. 5.2% (p < 0.001) in the non-elderly and 10.9% vs. 7.2% (p < 0.001) elderly groups. After adjustment for confounding factors (using the logistic regression model), laparoscopic surgery was not an independent risk factor in either group. Table 3 shows the odds ratios and 95% CIs of the variables. Furthermore, no interaction between age and laparoscopic surgery was seen in this model (OR 0.97; 95% CI 0.69-1.36). Aside from the surgical approaches, respiratory disease, bleeding disorder and total gastrectomy were independent risk factors in elderly patients.
Primary outcome
Secondary outcomes
In both groups, OG was associated with a longer mean length of postoperative stay. As expected, the mean operating time of LG was significantly longer in comparison to OG, while the amount of blood loss in OG was significantly greater in comparison to LG. The rate of conversion from LG to OG in the non-elderly and elderly groups did not differ to a statistically significant extent. Pneumonia, intra-abdominal abscess and anastomotic leakage were major complications in elderly patients (Table 4) . 
Discussion
The results of the present study clarified that laparoscopic surgery was not associated with an increased risk of morbidity in elderly or non-elderly patients with gastric cancer. In our cohort, LG tended to be selected for female patients, younger patients, and patients with earlier disease and a better performance status. Thus, through the process of adjusting for these confounding factors, our primary goal was achieved: the safety of LG relative to OG in elderly patients was confirmed. In addition, LG shortened the length of postoperative hospital stay by an average of 4 days in elderly patients. Considering these results, we consider LG to have a certain clinical benefit as less invasive surgery in elderly patients.
LG can be performed with a small incision on the abdominal wall and with a very small volume of blood loss; however, it takes approximately 1 h longer than OG. Our clinical question was: which surgical approach achieved better outcomes in elderly patients? In real-world practice in Japan (Fig. 2) , surgeons tend to prefer OG to LG for elderly patients; however, this choice might not always be appropriate. One of the more notable findings in the present study was that the incidence of pancreatic fistula did not differ markedly between LG and OG in the elderly group. This conflicts with our previous finding that pancreatic fistula frequently occurred in patients who underwent LG [14, 25] . This may suggest that most surgeons tended to refrain from performing lymph node dissection in the peri-pancreatic area for elderly patients to save operative time and avoid complications. In addition, the amount of visceral fat tissue in elderly patients-which is lower than in middle-aged patients-might be related to lower incidence of pancreatic fistula. We also confirmed that bleeding disorder and respiratory disease were specific risk factors in the elderly population but not younger patients. Patients who received antithrombotic treatment with an antiplatelet agent or anticoagulant for cardio-or cerebrovascular disease were more common among elderly patients than among younger ones, highlighting the need to perform more careful manipulation during operation and perioperative management in older patients. The definition of 'elderly' is an issue, whenever the treatment of elderly patients is discussed. The reason why the elderly population is excluded from most pharmacological trials is that their physiological capability, with regard to drug metabolism and hemodynamics (i.e., their liver, renal and cardiac function), may deteriorate as they grow older. Thus, the efficacy and adverse events of drugs may become more difficult to evaluate in elderly patients. When evaluating a specific type of surgery, therefore, we might need to consider the risks of general anesthesia and surgical complications and determine the cut-off age for the definition of 'elderly' in each study. One of the challenges in our study was determining the cut-off age from the perspective of operative risk and patient comorbidities. Although it was difficult to clearly define the threshold in the present population, we confirmed that the cut-off age of 75 years showed a certain degree of validity.
This study is the first and largest size prospective cohort study to focus on surgery for elderly gastric cancer patients. We believe that our results are useful and reliable for surgeons who treat gastric cancer patients. However, this study was associated with some limitations. Postoperative symptoms, quality of life and physical activities remain the most clinically relevant issues in relation to surgery for elderly patients. Malnutrition, which develops in relation to sequelae after gastrectomy, causes the deterioration of other comorbidities and the progression of disuse syndrome in some elderly patients. Furthermore, the most common cause of other death was pneumonia in elderly patients who underwent gastrectomy [26] . Although we did not monitor long-term events, preoperative respiratory disease was found to be an independent risk for complications in the elderly group. Surgeons should, therefore, pay attention to patients' respiratory assessment findings in both the short and long terms. In future studies, we should evaluate the impact of less invasive surgery not only on the short-term outcomes of elderly patients but also on their mid-and long-term complication, nutrition status, quality of life and daily activities.
In conclusion, the safety of laparoscopic gastrectomy for elderly patients was demonstrated in this nationwide prospective cohort study.
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